Aim: The aim of this study was to estimate the heritability, genetic and phenotypic correlations, and the genetic trends for pre-weaning growth traits including the birth weight (BWT), weaning weight (WWT), pre-weaning daily gain (PWDG), and weaning age (WA) in Awassi lambs.
Introduction
Genetic selection is one of the most important methods that has been used to maximize the expected genetic gain of livestock through crossbreeding programs and breed selection using specific gene markers or genomic selection methods [1] . Awassi sheep is the most common breed of sheep in Jordan. Awassi breed is considered as an important genetic resource that plays a significant role in sheep industry in more than 30 countries in the Middle East as well as worldwide [2] . Many non-genetic factors are known to affect different quantitative traits of lambs [3] . It has been reported that sex, genetic group, and season of birth have a significant effect on the traits such as birth weight (BWT), weaning age (WA), and weaning weight (WWT) [1] [2] [3] .
Heritability, genetic correlation, and breeding values are considered important factors that determine the lamb's genetic gain and therefore performance and economic value of the lamb [4, 5] . Studying the genetic variance of important traits and covariance between these traits is considered an important step in the planning and implementation of any successful selection or breeding program that aims to improve the genetic gain of animals.
In Jordan, phenotypic selection of sheep has been applied in two breeding stations using the WWT as the sole selection criteria. To the best of our knowledge, the present investigation is the first one that studies the effects of various maternal and environmental factors on the growth traits of Awassi sheep in Jordan. Therefore, the aim of this study was to estimate the genetic and phenotypic parameters and genetic trends of the BWT, WWT, pre-weaning daily gain (PWDG), and WA in Awassi lambs.
Materials and Methods

Ethical approval
This study was reviewed and all experimental procedures were approved by the Jordan University Available at www.veterinaryworld.org/Vol.11/February-2018/27.pdf of Science and Technology Animal Use and Care Committee (JUST-ACUC).
Location
The study was conducted at two major Jordanian sheep breeding stations (AL-Khanasry and Al-Fjaj stations) that belong to the Ministry of Agriculture. AL-Khanasry Research station is located about 65 km to the Northern east of Amman, at 32°30ʹ N, and an altitude of 860 m above sea level. The annual total rain precipitation ranges between 150 and 200 mm [6] . Al-Fjaj station is located in the Southern part of Jordan, about 210 km to the South of Amman, at an altitude of 1800 m above sea level, and annual rainfall of about 110 mm.
Flock management
Flocks are managed using a semi-intensive system. Grazing is allowed for 4 h in the morning and 3 h in the afternoon year-round, except during pregnancy period. Rangeland consisted of green fodder and natural vegetation (shrubs and herbage) mostly from mid-January to late April. Each ewe receives 0.5 kg of alfalfa and 1.5 kg of concentrate during the past 8 weeks of gestation. After lambing, the amount of concentrate offered increases to 1.8 kg. Concentrate is composed of barley (67.5%), soybean meal (12%), wheat bran (18%), limestone (1.4), salt (1%), and trace minerals (0.1) in both stations.
During the breeding season, group mating strategy is applied in the two stations. Before lambing, each ewe is placed in an individual pen that allows the ewe to take care of her newborn and stays this pen for about 3 days. Through this period, the ewe and her lamb are weighed and the lamb is identified with a permanent ear tag. All information is recorded for the newborn (sex, type of birth [single or twin], date of birth, dam ID, sire ID, and BWT).
Each lamb is allowed to consume the recommended amount of colostrum immediately after lambing. The regular lactation period starts and continues when the lamb is allowed to suckle freely from his dam during the full day for up to 15 days. Creep feeding starts at 15 days of age. Lambs are weighted biweekly to monitor their body weights and to prepare them for weaning. Weaning strategy for both stations is based on lamb weight and age. Lambs are weaned when they reach 14 kg of body weight. On the day of weaning, the lamb's weight and age are recorded.
Data collection
The data were collected through 13 years (1999-2011) from AL-Khanasry and AL-Fjaj stations. The same traits and measurements were taken using similar procedures in the two stations.
Statistical and genetic analysis
Data were analyzed with a linear mixed model using average information-restricted maximum likelihood methodology. To estimate the variance of BWT, WWT, PWDG, and WA, a multitrait animal model was used. The fixed part of the models for analysis of the traits included birth type (single or twin), lamb's sex, and location. The fixed effect of year was considered for WWT, PWDG, and WA. The model used the BWT as a covariate. Animal effect, maternal effect, and residual effects were included as random effects. The model used for each trait, expressed in matrix notation [7] , was as follows:
Y=Xb+Zu+Wm+e
Where Y=Vector of observations for each traits; X, Z, and W are the incidence matrices of fixed, additive genetic effect of the animal, and maternal permanent environment effect, respectively; b=Vector of fixed effects for the traits analyzed; u=Vector of random effects of the additive genetic effect of the animal; m=Vector of the permanent environmental effect; e=Vector of random error.
Genetic correlations were obtained through bivariate analysis including the same effects included in the univariate model mentioned above. The analysis was performed using the software ASReml 3.0 [7] . 
Genetic and phenotypic trends
Genetic trend for the traits was calculated by estimating the predicted breeding values on the year of birth. Phenotypic trend also calculated using the regression of phenotypic values of BWT, WWT, and PWDG on the year of birth.
Results
Descriptive statistics
The descriptive statistics and probability values of the studied traits are presented in Tables-1 and 2 . The sex of the lamb appeared to significantly affect all studied pre-weaning traits (p<0.001). The effect of sex on BWT was observed to be consistent. Males were heavier (4.4±0.02 kg) at birth than females (4.2±0.01 kg). WWT was also affected significantly sex (p<0.001) where females were lighter than males. Males grew significantly faster (PWDG=0.19 g/day; p<0.001) than females (PWDG=0.17 g/day). Sex was also found to have a significant effect (p<0.001) on WA. Males were weaned at 64.4± 0.39 days, while females were weaned at 65.6±0.37 days. The effect of type of birth (single vs. twins) on BWT, WWT, PWDG, and WA was highly significant (p<0.001).
The BWT, WWT, PWDG, and WA were affected significantly by geographical location. Lambs born in AL-Khanasry station were heavier (p<0.001) at birth and at weaning than lambs born in AL-Fjaj station. The PWDG of lambs in AL-Khanasry station was also significantly more than that of in AL-Fjaj. At Al-Khanasry station, lambs were weaned significantly earlier than those in Al-Fjaj.
The year of birth was also found to have a significant effect (p<0.001) on all pre-weaning growth traits. 
Genetic parameters
The additive genetic variance (σ 2 a), phenotypic variance (σ 2 p), and maternal genetic effect (σ 2 mg) of pre-weaning growth traits in Awassi lambs are presented in Table- 
Heritability, genetic and phenotypic correlations
The heritability, genetic and phenotypic correlations among pre-weaning growth traits in Awassi lambs are presented in Table- 
Genetic and phenotypic trends
Genetic trends for the studied traits are presented in Table- 5. The genetic trend for BWT was positive and highly significant (p<0.001) in both stations. At Al-Khanasry station, the genetic trend for WWT and PWDG was negative, while at AL-Fjaj station, it was positive for both mentioned traits. In the present report, similar to the previous ones, the fixed effect of lamb's sex on growth performance was found to have a significant effect [8] [9] [10] . The effect of sex on BWT could be explained by differences in hormonal effects, number of cotyledons (higher in ewes carrying male lambs), and placental weight (heavier in ewes carrying male lambs) [10] .
In this study, there was a significant difference in various pre-weaning growth parameters between two different geographically located breeding stations in Jordan. Significant variations of body weights between different farms may reflect the level of feeding programs, general farm management, and environmental conditions under which the flocks are maintained. Similar results have been reported previously by many authors [11, 12] . Another aspect that has to be considered concerning pre-weaning growth traits is competition between twins for consuming milk from their dams which explains the slow growth rate of the twins compared to the singles [13] .
Genetic and phenotypic parameters and maternal effects
Animal growth rate is influenced not only by direct additive genetic effects but also by parental genetic effects [5] . Additive genetic effect is the part of genes that can be transmitted from parents to offspring [4] . The maternal genetic effects are expressed during gestation and lactation and directly affect the lamb's BWT. This effect, however, usually diminishes slowly as the lamb becomes older [14] . In this study, the additive genetic variance estimated for BWT was higher than that reported previously in Bharat Merino sheep [15] and for Menz sheep [16] and was lower than the estimated values by other authors [17, 18] . Differences in genetic additive effects on lamb's pre-weaning growth traits could be related to differences in farm management, different sheep breeds, and various environmental factors.
In this study, the results of phenotypic variance for WWT were similar to those reported in Kurdish sheep [19] . However, the higher phenotypic variance was estimated in Dormer sheep, Ile de France, Merino land sheep, and Arabi lambs [18, 20] . Lower phenotypic variance for WWT was reported in Kermani and Menz sheep [13, 16] .
The phenotypic variance for WA reported in Dormer sheep and Kurdish sheep was lower than the results obtained in this study [18, 19] . The phenotypic variance estimate for PWDG in Awassi lambs was lower than the reports in Kurdish and Arabi lambs [13, 19] .
The estimated maternal variance for BWT reported in this study in Awassi lambs is higher than that reported in Dormer Kurdish and Malpura sheep [19] [20] [21] , while similar results were obtained in Ile de France and Malpura sheep [15, 20] . Nevertheless, higher values have been reported by other authors in Kermani and Moghani sheep [13, 17] . Similar results concerning the estimated maternal variance for PWDG were reported previously [15, 22] .
Heritability estimates
In general, the heritability estimates for various pre-weaning growth traits in this study were low to medium. Interestingly, the heritability estimates appeared to decrease gradually over age. The declining heritability over age of the lamb can be explained by poor environmental conditions or poor management in the postpartum period [4] . Similar results were also reported previously in Arman and Kurdish sheep [19, 23] . In this study, higher heritability values for WWT and PWDG than values reported in Suffolk lambs [24] . However, the heritability estimates for BWT were higher than that obtained herein Awassi lambs [24] . On the other hand, higher estimates of heritability for WWT were reported by many researchers in different breeds [13, 14, 16] .
Genetic and phenotypic correlations and genetic trends
The genetic correlation between any two traits may be attributed to the pleiotropic effect, while phenotypic correlations are explained by the common environmental effects that different traits may share [4] . The genetic correlations between various pre-weaning growth traits in this study were higher than the phenotypic correlations. Similar results were reported previously in South African D'man ewes and Sabi sheep of Zimbabwe [22] . In this study, the results of genetic trends for various pre-weaning growth traits were similar to those reported in Merino sheep, Kermani sheep, and Zel sheep [24, 25] .
Conclusion
Results of this study indicate that selection should be conducted using animals with high estimated breeding values through controlled breeding.
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